-BACKGROUND
In order to communicate with semiconductor devices one needs metallic contacts to the semiconductor material that do not significantly disturb the behavior of the devices. Good contacts can rather easily be obtained on silicon devices. However, today gallium arsenide is being used increasingly, primarily for fast and opto-electronic devices, and it is more difficult to make good metallic contact on GaAs and other 111-V-compound semiconductors [I] . When a metal is brought in intimate contact with a semiconductor it will cause the charge carriers to leave the semiconductor from a small volume close to the interface. This region now contains ionized donors or acceptors which will act as a potential barrier with rectifying properties over the interface which is known as the Schottky barrier. For an ohmic contact this is an undesired structure which we somehow would like to transform into a structure with linear current-voltage characteristics and a low contact resistivity.
When the doping concentration of the semiconductor is increased the width of the barrier will decrease and charge carriers can tunnel through the barrier. One way of increasing the doping concentration just beneath the contact, is to add some dopant material to the metal and then anneal it. If the annealing temperature is sufficiently low no melting will occur and the doping material diffuses into the semiconductor. At higher temperatures doping material and semiconductor will intermix during a liquid phase. It is fairly easy to make ohmic contacts on gallium arsenide with low resistivity but there are some problems such as variations in resistivity over the contact area and problems in making contacts with small dimensions which is a necessity for the use of high frequency devices.
The most frequently used contact on n-type GaAs is a 100 nm layer of gold-germanium eutectic alloy and a toplayer of nickel or platinum [21. This contact is then annealed at approximately 400°C for a few minutes in a reducing atmosphere. With the atomprobe we can obtain analyses with good spatial resolution of such contacts. We have also used transmission electron microscopy for specimen preparation and for the determination of layer morphology.
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-EXPERIMENTAL
The chemical composition of the metal-semiconductor interface was analysed using an energy compensated atom probe [3, 4] . The material used in the investigation was Sidoped (3.9~1018 cm-3) GaAs with a resistivity of 1.3 mZZcm out of which 0.4~0.4~15 mm rods were cleaved. To form sharp FIM-tips the rods were chemically etched in a 50% H202-50% H2SOq-solution at 70°C and after that rinsed in water. The specimens were then field evaporated with argon as imaging gas in the field ion microscope in order to get a smooth and well defined surface. After that the tips were transferred in air to the evaporation chamber for deposition of a eutectic gold-germanium alloy (88 wt% Au-12 wt% Ge), which was thermally evaporated on the GaAs at 3x10-5 mbar, from a tantalum foil source. A small amount of the alloy was placed in the source and evaporated on the specimen. Some of the specimens were also heat-treated to 400°C for five minutes in a nitrogen atmosphere before analysis. The specimen preparation was controlled in all steps by the use of transmission electron microscopy (TEM).
Atom-probe analysis was performed using voltage pulsing with 15% pulse factor and 10 ns pulse duration. The specimens were cooled to 40 K to ensure a correct analysis [5] . The evaporation field of the contact material was found to lie close to the ionization field of argon. Consequently there was a risk that surface atoms would be removed during imaging before analysis. Therefore, pulsing was started already at zero specimen voltage and slowly increased until ions were recorded, which usually occurred at about 4 kV.
-RESULTS
By TEM we could observe island formation on the surface of the specimens when thin layers (a few nanometres) had been deposited, figure 1. The diameter of the islands were in the range 2 to 10 nm. After annealing we could still see islands, most of which had about the same size as before but the density was lower, figure 2. Since imaging of the specimen was difficult without disturbing the surface, atom-probe analyses were made at random positions in the surface. Five out of six analyses gave none or very little signal from either germanium or gold; instead gallium, arsenic and some oxygen were recorded, figure 3. The same result was obtained both before and after heat treatment at 400°C for five minutes.
In one of the analyses, a layer, about 1 nm thick, containing germanium, gold and oxygen, was found. In the analysis, germanium occurred mostly as Ge2+ or Ge02+, figure 4. The ratio between number of atoms of gold and germanium was 0.6 in the layer compared to 2.0 in the eutectic alloy. The oxygen content of the layer was almost 45 at%, and in addition some small amounts of carbon were recorded. Between the deposited layer and the substrate, more carbon was detected and in the gallium arsenide surface traces of gold and germanium were found. Also a substantial amount of oxygen was observed, figure 5 . Because of specimen failure we were not able to analyse deeper into the gallium arsenide beneath the metal contact. which showed little or no gold and germanium represent areas on the surface between islands, whereas the analysis of the gold-germanium layer represents the composition of an island. That one analysis out of six, made at a random position, would hit an island seems reasonable, considering the density of islands and the size of the analysed area.
A remarkable high oxygen content was found in the gold-germanium layer. The oxygen was probably incorporated during the deposition because of the modest vacuum conditions, 3x10-5 mbar. The pressure during analysis was good (less than 2x10-10 mbar) which rules out a large interaction with any residual gas. Also very small amounts of oxygen was found on the surface between islands. The deposition conditions may also have caused the carbon content observed in the island.
The deviation from the eutectic gold-germanium composition found in the island could possibly be explained if not all the material was evaporated during deposition.. Considering that germanium has a higher vapour pressure than gold this means that relatively more germanium would be evaporated from the start.
Another interesting observation is that the oxide on the substrate surface seems to have prevented both gallium and arsenic from diffusing out to the island. Very few of these ions were detected in the island. This agrees with our earlier observations of pure gold layers on GaAs. Here already a thin oxide layer blocks the intermixing between metal and substrate [5] .The carbon found on the surface is probably due to contamination in the TEM while examining the specimen. The effect of this slight carbon contamination as a diffusion barrier is not known. Below the carbon contamination, which then marks the original (oxidized) surface of the specimen, only one or two atomic layers of the substrate was analysed before the specimen failed. These layers seem to contain predominantly gallium and oxygen and may thus represent the original oxide on the surface. Previously, the oxide formed in dry air on GaAs was found to be almost pure GaO, some 0.2 nm thick [5] .
-SUMMARY
After deposition of gold-germanium layers of a few nm thickness on an oxidized gallium arsenide surface islands formed in the size range 2-10 nm. These islands remained after heat treatment at 400 O C , most of them with about the same size but a lower density.
No gold or germanium was observed on the substrate surface between the islands.
Atom-probe analysis of an island, before heat treatment, showed that it contained oxygen, germanium, gold and some carbon.
* No sign of outdiffusion of gallium or arsenic into the island was observed.
This work was financially supported by the Swedish National Board for Technical Development (STU). field TEM micrograph of a thin foil. 
